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The information contained i n  t h i s  report  w a s  presented t o  MSC at a 
monthly Crew Systems Meeting. 
information inputs f o r  each subsystem as defined by the t a sk  analysis t o  
date. The arraagements of controls and displays are purely fbnctional and 
are not intended t o  r e f l e c t  f i na l  posit ioning i n  an integrated whole panel. 

These panels are intended t o  reflect current 

Future publica.tions of th i s  report w i l l  ref lect  revis ions t o  the panels 
and f'unctional descriptions.  

G I U M M A N  A I R C R A F T  f N t l N E E R l N G  C O I P O R A T I O N  
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MISSION PHASE FUNCTION SUBSTSTEM COWTROL/ LNDIWR 
F*f I 

S W Z I r n r n  & COPJTROL 1. A t t i t u d e  Select Toggle 
Switches 

2. Mode Select Switch 

3. Deadband Select 
Toggle Switch 

4. Rate Gyro Select 
Toggle Switch 

5 .  Rate Gyro warning 

6. Translation Select 
Toggle Switch 

ALL A 2 p s L t i o ~ ~ l x h  (normal - d i r e c t )  t h a t  i s  provided for  each attitude a s .  
3 swMsehes frs3g normal position, whatever ia selected by the  Mode Select Switch will 
determine atMhtde control. 
a t t i tude  axes, t he  p i l o t  i s  provided only with open loop type acceleration control  along t he  
selected axis. 

A 5 posit ion rotary switch which se l ec t s  the  mode of operation provided the  a t t i t ude  select switch 
i s  i n  the n o m  position. 
d i rec t  and mir&tnm impulse. 
Sed: subsystem &om the Navigation and Guidance subsystem. 
with the r a t e  gyro damping signal. 
j e t s  through the  logic  and pulse generating c i rcu i t s .  
commands an angular rate proportional t o  displacement of t he  a t t i t u d e  controller.  
controller i s  I n  i t s  neut ra l  posit ion the  vehicle will hold a t t i tude .  
m o d e  the  pilot commands a t t i t ude  proportional t o  h i s  a t t i t ude  control ler  displacement. 
p i l o t  le ts  go of the s t i c k  the  vehicle comes back t o  i t s  or ig ina l  attitude. 
mechanized i n  the p i tch  and yaw axis  only. 
open loop acceleration control. 
time fo r  precision maneuvers such as docking i s  provided. 

If a l l  

If the  direct posi t ion is Belected on any o r  a l l  of the 3 

The m o d e  se lec t  capabi l i ty  w i l l  be auto attitude hold, a t t i t ude  command 
I n  the automatic posi t ion a t t i t ude  e r ro r  s ignals  are sent t o  the  

The a t t i t ude  e r ro r  signal i s  combined 
The resu l t ing  signal then controls the  f i r i n g  of the  reaction 

In the  a t t i t u d e  hold mode the p i l o t  
When the  

In the  a t t i t ude  command 

This mode i s  
When the  

In the  d i rec t  m o d e  t he  p i l o t  i s  provided only with 
In  the  minimum impuZse posit ion minimum reaction je t  thrust ing 

ALL 

Au 

Etnergency 

ALL 

A 2 posit ion deadband se lec t  switch i s  provided f o r  all a t t i t ude  axis. I n  the "max" posi t ion 
a large deadband for coasting period l i m i t  cycles where fuel econamy is paramount is provided. 
By throwing the  deadband se lec t  swttch t o  the  min- posit ion a narrow deadband I s  provided. 
This poaition would probably be used primarily during periods of main engine thrusting. 

A t m  posi t ion swltch t h a t  selects e i t h e r  t he  primary o r  a l t e rna te  rate gyros.  
switch per attitude axis. 

There i s  1 

These l i g h t s  prcrvlde rate &yro failure indication. 
a x i s  and if a l ight  should come on the  alternate rate gyro should be selected along hhe 
affected ais. 

There i s  one l i g h t  provided per a t t i t u d e  

By select ing the  a l te rna te  posit ion the  failure l i g h t  should go out. 

A two posit ion switch which by itself determines 3 axis  t r ans l a t iona l  capabili ty.  
maximum posit ion t rans la t ion  along an ax is  selected by the  t r ans l a t iona l  control ler  will occur 
for as lorig a period of t i m e  as t he  control ler  i s  activated. 
reaction je t  thrust ing time i s  provided f o r  precision maneuvers. 

In the  

In the minimum posit ion m i n i m  
. 



.. 

i 

i 
! 

f!-/:- > - . I -  

/--- -- 
I. - . . . _ .  

a 



' .  
'/ 

4 

1 

I 
FUNCTION -- 

brnrnSrn*I COIJTROL/INDICATOR M I S S I O N  PHASE 

1 ,  r A scEtTT/DIscnn 1. Monitor Select Toggle Switch ALL 
__ Selects the meters and warning l i g h t s  t o  monitor t he  ascent o r  descent functions. 

2 .  Ascent Pressurization 
pushbutton Guarded switch 
(1 for Ascent) 

Pre- Separat ion 

Pre - Sepam t i on 

ALL 

Opens the  squib valves downstream of the helium tanks. Since the squib valves 
damstream of the  pressure regulators a r e  normally closed, igni t ing the helium 
squib valves w i l l  pressurize t h e  ascent system duwn t o  the  ARM squib valves. 

U s e d  t o  explode the helium squib valves. Since a l l  valves downstream of the  
helium squib valves are normally open, ign i t ing  t h e  helium squib valves w i l l  
pressurize the  descent system down t o  the bi-  propellant valves. 

3 .  Descent Pressurization 
pushbutton guarded switch 
(1 for  Descent) 

4. Fuel Quantity Meter Monitors the h e 1  quantity i n  tank l m d  tank 2 of e i t h e r  the  ascent o r  descent 
systems. 

5 .  Oxidizer Quantity Meter Monitors t h e  quantity of oxidizer i n  t a n k  1 and tank 2 of e i t h e r  the ascent o r  
desc en t s y - t L) em. 

6.  Fuel and Oxidizer Pressure 
Meter 

ALL 

ALL 

Monitore the pressure- of t h e  fue l  and the oxidizer tanks of e i the r  
the ascent or descent system. 

7. Fuel and Oxidizer Tmmpemture 
meter 

ldonitors t h e  temperature of t h e  fuel and the  oxidizer tanks of' 
e i t h e r  t h e  ascent or descent system. 

8. Helium Temperature and 
Pressure Pdeter 

ALL Monitors t h e  helium t a n k  pressure and temperature of  e i t h e r  t he  ascent o r  
descent systun. 

9. Chrtmber Pressure Meter A U  

ALL 

Monitors the  engine chamber pressure i n  e i the r  t h e  ascent or descent engines. 

10. Pressure Regulator 
Warn Indicator l i g h t s  
(2 for Rscent 2nd 2 
f o r  descent) 

b 

If a pressure regulator malfunctions (pressure d i f f e r e n t i a l  tolerance exceeded) 
the  appropriate f a i l  indicator  light w i l l  i l luminate,  warning the crew of !he 
f a i l u r e  and d i rec t ing  shutdown of that leg.  :!hen the  P~?XST?E EIEGULfl'rOR S x i T O D  
toggle associated with t h a t  leg is  placed So the OFF posi t ion,  the f a i l  l i g h t  
w i l l  extinguish . 
lhese latch-type soledbid , valves a r e  located upstream of the  pressure regulators 
i n  each leg.  The valves a r e  normally i n  the Open pasi t ion.  
toggle switch w i l l  t r i gge r  the  solenoid t o  t h e  OFF posi t ion.  

A pulse from the 
11. Pressure Regulator 

,Shutoff toggle switches 
(2 for zscent and 2 fo r  
descent ) 

ALL 

12. Relief Valve Warn 
indicator l i&ts 
( 2  f o r  ascent anii 
2 f o r  descent) 

ALL If a pressure regulator malfunctions (pressure d i f f e r e n t i a l  tolerance exceeded) 
i n  one of the redundant legs,  t he  RELIEF VALVE WARN light w i l l  illuminate 
indicat ing helium vented overboard. ?he l i gh t  w i l l  extinguish when the  pressure 
is  within tiblerance limits. 

Opens the squib valves damstream of the  pressure regulators  and upstream 
of the f i e 1  and oxidizer tanks.  Igni t ing these  valves will permit helium t o  
pressurize the  ascent system down t o  the bi-propel lant  valves.  

13. AN4 pushbutton 
Suarded switch 
(1 for Ascent) 

1 4  . B i  -Propellant 
7eed Tol;&le Switch 
(1 for Ascent) 

P r e - A  sc ent Checkout 

Pre -A sc en t  Checkout * Opens the  two i so l a t ion  valves (solenoid-operated) permitting f u e l  and oxidizer 
t o  f l o w  down t o  the two thrus te r  valves. 

15. I I e l i u m  In j ec t  
Override TogGle 
Switch 
(1 for  Descent) 

mis cont ro l  is normally i n  the AUTO posi t ion.  I n  the  event the THRUST COEJTROLIXR 
does not open the solenoid valve permitting helium f l o w  t o  the  engine i n l e t  

' 

durine powered descent, t h i s  switch should be placed t o  the  OI'D? posi t ion.  

Descent 
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SUBSYSTEN CONTROL/IM)ICATOR MISSION PHASE FUNCTION 

REACTIOTJ CONTROL SYSTEM 1. Pressurization Pushbutton 
SYSTEM "A" AND "B" [($rded Switch) 

0 Pre- Separation Open8 the squib valves downstream of the helium tanks i n  both System "A" and 
valves downstream of t h e  helium squib valves are n o m l l y  open, ign i t ing  the  
will preaeurize System "A" and "13" down t o  the t h rus t e r  valves 

System "B". Since all 
helium squib valves 

2 .  Fuel and Oxidizer 
Quantity Meter 

(1 Per System) 

Monitors the Fuel and Oxidizer Quantity of each system. 
System "A" and "B"). 

Two Meters required (One each for ALL 

3 .  Fuel and Oxidizer 
Pressure Meter 

(1 per system) 

BLL 

ALL 

Monitors the fueland oxidicsr  preerJuPe of each system. Two meters required fo r  t he  RCS system 
(one each for 3y&m nA'l and "B") 

4. 

5 .  

6 .  

Helium Pressure 
and Twnperature 
Meter 
(1 per system) 

Monitors tha preamre  and temperature i n  the  helium tanks of each system. Two meters required 
(one each for System "A" snd trB't) 
pressur i ta t ion  t o  the prapellanta.  

These meters permit t h e  crew t o  determine t h e  s t a tus  of 

Pressure Regulator A U  If a pre6wxrt reguls tor  malfunctions (pressure d i f f e r e n t i a l  tolerence exceeded), t he  appropriate 
f a i l  indioator l i g h t  w i l l  illurnimte, warning the crew of t h e  f a i l u r e  and di rec t ing  shutdm of 
the regulert-6. When the pressure regulator shutoff toggle is placed t o  the  O f f  posit ion,  t he  
f a i l  light w i l l  extinguish. 

Warn Indicator Lightra 
(41) 

Relief Valve Warn If a pressure regulator malflmctions (pressure d i f f e r s n t i a l  to le rsncs  exceeded) the  RELIEF VALVE 
1.JARN 
pressure is within tolerance limits. The RELIEF VALVE WAHN l i g h t  w i l l  remain i l l u m i n a t e d  i f  t he  
relief ve3verenCiina upen, i n  which case the PRESSURE RECUIATOR SHUTOFF toggle for t ha t  leg i s  
placed t o  the O F F  posit ion.  

w i l l  illuminate indicat ing helium vented overboard. Ihe  l i g h t  w i l l  extinguish when t he  Indicator Lights 
(4x1 

'7. 

8. 

Preesure Regulator 1,r system) 

ALLI These latah-type solenoid valves (two each for Systern "A" and "B")are located upstreem of the 
pressure regulators i n  each leg.  The valves are normally i n  the  m e n  posi t ion.  A pulse from 
the toggle mitch w i l l  t r i g g e r  the solenoid t o  the  Off posit ion.  

Propellant Feed 
Toggle Switch 
(1 per system) 

Control8 tW flaw of fuel and oxi8iser (System "A" and System "B") davnstresam of the  propellant 
tank6 by mtxms of solenoid valves. Theme valvea are normally open, however, i f  a malfunction exists 
i n  one of the systems ( e i the r  "A" or  "B"), t he  malfunctioning system is  shutdown by placing the  
PRQPEWUT FEElD toggle for  t h a t  system t o  the CLOSE posit ion.  

ALL 

9. Cross-TFe Toggle 
switch 

(1c) 
I 

Eknergency D u r i n g  normal operation Systerm "A" and Sy8te111 "B" work ehul taneously,  each feeding 8 thrus te rs .  
However ,  if a malflmction ex is t8  i n  one of the systems, the malfunctioning syeteun should be 
shut down by placing the PRWEIUUW FEED toggle for that system ( e i t h e r  "A" o r  'B") t o  t he  CLOSE 
posit ion.  
permitting the  operstive system (either "A" or "B") t o  supply flml and uxidizer t o  all 16 th rus t e r s .  

The C R 0 S S - m  toggle should be placed t o  the UPEN pos i t ion  (opening t h e  solenoid valves) 

Emergency 10. Ascent Feed Toggle 
Switch 

Controls t h e  fuel and octidizer solenoid valveqfr rm the ascent tanks. I n  the event one of the RCS 
syotems (e i ther  "A" o r  "R") malfunctions, the ascent tanks can supply t h e  fuel and oxidizer t o  t h e  
16 thrueters, while t r ave l l i ng  .in the + X d i rec t ion  during ascent phases. 
by placing the  ASCENT FEED toggle t o ' t h e  OPEN posi t ion and the  PROPEZLANT FIBD toggle for  the  
uperative RCS system (q i the r  "A" or  "B") t o  the CLOSE posit ion.  A t  t he  conclusion of X-axis thrust ing,  
the P R O L P W T  'FEED toggle for the operative RCS system (e i ther  "A" or "R"L i s  placed t o  the  WEN 
pouitioxl arid the ASZW'l' FEED toggle %O the CLOSE posit ion.  

This can be accanpliahed 
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I FUNCTION SUBSYSTEM COIITROL/INDICATOR M I S S I O N  PIIASE 
- I )  

R?UCTION COR"FtOL SYSTEM 
SYSTEM "A" AND SYSTEN "B" 

11. Thruster Pa i r  
Shutoff Toggle 
Switches 
(8c) 

12. Thruster Pa i r  F a i l  
L i g h t s  
(81) 

Lunar Stay and Emergency 

Ebergency 

%ch switch aperates two solenoid valves control l ing the  fuel and oxidizer flow 
t o  a pair of thrusters. Eight toggles are required t o  control a l l  th rus te r  pairs. 
The valves (switches) are normally i n  t h e  open posi t ion.  They a r e  manually closed 
during lunar s tay  s h u t d m  an8 may be used fo r  emergency shutdown during f l i g h t .  

Fa& l i g h t  when illuminated, indicates  a f a i l u r e  of one or both th rus t e r s  i n  i t s  
associated pair. 'Ihe crew will place t h e  "RUST!ZR PAIR SKUTOW toggle associated with 
the THRUSTEX3 PAIR FAIL light t o  the  CLOSE posit ion,  thus shutting dowfi the malfunction- 
ing pair and extinguishing the  l ight.  

i 
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1. Power Switch ALL 

2. Mode Select Switch 

m 
3 .  L u n a r  Transmission 
- 

STI i tch 

4 .  Power Switch 

Antennas 

1. AGC meter 

2. Search IJight 

3. Search Activation 

Elevation Slew 

Elevation Angle Readout 

Azimuth S l e w  

ALL 

Lunar Stay 

ALL 

ALL 

A I L  

ALL 

ALL 

A three posi t ion switch (OFF, H I ,  LO) t h a t  under normal conditions w i l l  be 
operated i n  the  H I  posi t ion.  
amplifier i s  u t i l i z e d .  
switch i n  the  LO posit ion.  I f  a second S band transponder i s  on board i t s  use 
w i l l  be provided fo r  i n  a s i m i l a r  manner through power switch 2 .  

I n  the ID. posi t ion the  transponder H I  power 
The backup mode is  selected by placing the power 

Selects d i f f e ren t  spectrum u t i l i za t ion  of the S band transponder band width 
A three posi t ion switch with voice always present .  

A t w o  posi t ion swith (S band-VHF) providing communications from the man on the 
lunar surface t o  the  m n  i n  the LFM and t o  ea r th  and Apollo. I n  the S Dand 
posi t ion the  transmissions frcm the lunar surface a r e  detected i n  t h e  I,% and 
transmitted t o  ear th  over t he  S Band transponder Fnd t o  the M O L 1 0  over 7JI-IF 
I n  the VHF posit ion the  transmissions f'rom t h e  l u r i i r  surface a re  detected i n  
the  LEN and transmitted over VKF t o  APOLM 

A two posi t ion m i t b h  (ON-OFF) t h a t  appl ies  power t o  the  WF transponder. 

Indicates the degree of alignment of the 2 ft. dish antenna with i t s  t a rge t .  
\Then the meter i s  peaked the  antenna i s  aligned with the  ear th .  

m e  search l i g h t  i l luminates whenever the dish i s  being drfven by the 
sutomatic or manual search slewing mechanism. 

This push button switch w i l l  t r igger  an autanat ic  search mechanism that w i l l  
dr ive the  two foot dish antenna through a pa t te rn  t h a t  w i l l  be a function 
of' the beam width and the  Drograrmned area of coverage. 
encountered ( the AGC meter 
AGC meter w i l l  provide an indication of how 
with i t s  t a rge t .  

?%en the t a rge t  is 
w i l l  peak) the  dr ive  w i l l  be disengaged, and the 

wel l  t he  antenna i s  aligned 

Drives the  two-foot antenna i n  t h e  elevation axis. 
automatic and lock-on slew features .  

It overrides a l l  

Indicates the  elevation angle t h a t  the  antenna i s  positioned 

Drives the  two-foot antenna i n  the azimuth axis. 
and lock-on slew fea tures .  

It overrides a l l  automatic 

Azimuth Angle Iieadout ALL Indicates  t h e  azimuth angle t h z t  t he  a n t e m  i s  positioned. 
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SUBSY STEEl COI;T~OL/IRDICATO~~ 
i 

i 
AITDIO CONTROL 

! 

I 
! 

1. VNF Switch 

2.  S Band Switch 

3. ICs Switch 

4. Audio lJa,rn Switch 

5 .  VOX Switch 

6. VOX Sen. Control 

7. Volume Control 

8. &ergency Key 

MISSION PH4SE 

All 

A l l  

All 

Emergency 

All 

All 

All 

Rnerg enc y 

F"NC TI ON 

A two posit ion switch - one posit ion for ac t ive  u t i l i z a t i o n  of t he  VHF transponder, t h e  other 
f o r  monitor of the  VHF Receiver. 

A two posi t ion switch - one posi t ion fo r  ac t ive  u t i l i z a t i o n  of t he  S Band transponder, t he  
other f o r  monitor of t he  S Band Receiver. 

A two posit ion switch - one posi t ion f o r  ac t ive  u t i l i z a t i o n  of the  ICs system, the  other f o r  
monitor of t he  ICs system. 

A push button switch t o  shut o f f  t he  emergency tone generated as a backup t o  some subystem warninc 
l i g h t  

A two posit ion switch (VOX - TO TALK). 
fa i lure  occurs i n  t h e  VOX posit ion,  t he  switch must be positioned i n  the  TO TALK posit ion.  
The TO TALK posit ion w i l l  provide manual keying of t he  mike. 

A thumb wheel control providing VOX sens i t i v i ty .  

I n  the  VOX posit ion the  mike i s  "hot" when one speaks. 

A thumb wheel control providing Volume Control over the  ICs preamp. 

A guarded switch t h a t  provides an emergency message when i n  the  ON posit ion.  
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SUBSYSTlQ+I COITTHOL/INDICATOR MISSSON PHASE F'UITCTION 
- 

> 

I 

1,IGHTTUG 1. In te r io r  In tegra l  Switch A l l  darkness operation This toggle switch turns  on all inst rument  and panel i n t eg ra l  liphting-used 
for normal operation. 

2. In t e r io r  in tegra l  dimming A l l  darkness operation 
control 

3. In t e r io r  Flood A l l  darkness operation 
Lighting Switch 

4. In t e r io r  Flood All darkness open t ion  
Dimming Control 

5. b s t e r  \Jam, 1 6  A l l  darkness operation 

6 .  Ih t e r io r  Recognition Docking 
Light Switch 

7 .  ?kterior runniw 
l i c h t  switch 

Docking 

8. Docking l igh t  switch Docking 

9. Landing l i gh t  switches Landing 
( 3 )  

The thumbwheel rheostat  i s  used t o  vary the  in t ens i ty  of t h e  in tegra l  l i g h t s .  

The toggle switch turns on i n t e r i o r  flood l igh t ing  which i s  a backup of the 
in t eg ra l  l ight ing - used only if i n t eg ra l  l igh t ing  f a i l s .  

The thumbwheel rheostat  is  used t o  vary the in t ens i ty  of t he  flood l igh t s .  

This pushbutton switch w i l l  light all master warning lights when depressed- 
used t o  t e s t  o p m t i o n  of lighhs. 

This switch t u r n s  on the  blinking recognition l i g h t  which is  used i n  the event 
t he  command m o d u l e  has t o  dock with the UN.(LET.I passive and 0 4  act ive)  

91% s w i w h  controls t he  running li&ts, a set pa t te rn  of lights which wIll enable 
the  cormand module t o  determine the orfentat ion of LE-1 as it npproacbr:s. 

The docking l i g h t s  a r e  used when a t  close range t o  illuminate the  dockinc ring 
and adjacent areas for Camand Module docking t o  LEN. 

These (3) pushbuttons w i l l  re lease flares during the  landing phase. 

. 
i 
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' 2. 

3. 

h .  

5. 
,- 
0. 

7. 

. 8. 

1 .  

10. 

11. 

12. 

Pwssure, Cabin and Sui t  

Temperature,. Cabin and 
Suit 

SOX Quantity 

SQX Pressure 

H20 Quantity 

Glycol Prer= l;l .xre 

C02 P a r t i a l  Prerc 

S u i t  Fan Lights 

Glycol Pump Lights 

LIOIS Lights 

HzO Separator Lights 

Glycol Temperature 

02 Inflow Controls 

4 

14. Pressure Select  

15 .  02 Flood Switch 

1.6. 02 Flood Light 

M I S S I O N  PRASE 

ALL 

ALL 

Au 

ALL 

ALL 

Ehergency 

Ehergency 

Approx. Every 4 H u u r s  

W r g e n c y  

Ehergency 

ALL 
and Ehergency 

ALrJ 
and Ewrgency 

Pressurization of 
Cabin and Emergency 
Rep re s sur i  za t  i on 

Pressurization of 
Cabin and Rnergency 

M s p h ~ s  cabin and suit pressure. 
cabin and s u i t  loups. 

Inputs provided by pressure sensors respect ively located i n  

D i s p l a , y s  cabin and suit temperature. 
cabin and suit loops. 

Displays SOX quantity remaSning. 

Inputs provided by temp. sensors respectively located in 

Located i n  SOX tank. 

Displays SOX pressure i n  the  SOX l i ne .  

Dispbys t o t a l  water remaining on the  vehicle. 

D i s p l a y s  Glycol coolant pressure 

Displays C02 partial pressure i n  the  cabin and suit loaps 

Indicates failure of any one of the  3 suit  fans. 

Indicates f a i l u r e  of any one of the 3 glycol pumps. 

3 l i g h t s , l  Light fo r  each fan. 
i 8 

A t o t a l  of 3 f i g h t s  1 l i g h t  fo r  each pump. 

Indicates failure of any one of 2 LIOH cannisters.  
n i s t e r .  Light w i l l  caue on when cannis ters  saturation point i s  approached. Cannister should 
then be replaced wlth a spare. 

A t o t a l  of 2 l i g h t s  - 1 l i g h t  for each can- 

Indicates failure of one of the t w o  water separators. One l i g h t  for each water separator. 
Must switch over t o  remaining H20 separator. 

Indicates  glycol temperature condition i f  it exceeds normal l imi t s .  

2 switches posit ioned normally i n  the  autamtic mode.  I n  t h i s  mode the  pressure sensors control l ing 
the  ualves are as selected by the  pressure se lec t  switch. 
one i s  act ivated at  any one t i m e .  
other valve. A'warning light w i l l  indicate  the  failed valve. .  
over-ride w i l l  maintain cabin pressure. 
the  epen position. 15 this posi t ion a momentary swltch is used which Will pulse t he  vdve apen 
for as long as i s  necessary t o  bui ld  up cabin pressure. 
open posi t ion unti l  the desired cabin pressure i s  reached. 

A single 3 posi t ion switch which selects the pressure sensors t h a t  will control  t he  O2 in-flow 
valves. The no& mode  of operation w i l l  be the autaaat ic  mode. I n  t h i s  mode  t he  5 PSI and 
3 . 5  PSI sensors w i l l  control  t he  valve. I n  the  5 posi t ion only the 5 PSI sensoy controls  the  
Valve  and i n  the  3.5 pos i t ion  only  the 3.5 PSI sensor controls the  valve. 

These valves are i n  p a r a l l e l  and only 
If one valve fai ls  there  i s  an automatic switch over t o  the  

If t$e second valve fails a manual 
This w i l l  be provided by the  same swltches now placed i n  

This requires holding the switch t o  the  

A , '  posi t ion swltch whose normii posi t ion w i l l  be- automatic posi t ion.  
d e c q r e s s i o n ,  t h i s  02 flow valve w i l l  open and repressurize the  cabin. 
inflow valves. I n  the manual posi t ion can se lec t ive ly  pressurize the cabin. 

In  case of a rapid 
It will bypass the 02 

S+!!er? n~.-c:qiirizing r.. - _ _  cabin, l ight  remains lit as long as O2 flood switch remains i n  t he  manual positii5.i 



17. Cabin Temp. Control 

18. Cabin Fan Toggle 

19 I 

20. 

21. 

22, 

23. 

24, 

25. 

1. 

2. 

3. 

Suit  Einergency Boiler 
Switch 

S u i t  Fan Switch 

SOX Separate Switch 

SOX Heater switch and 
SOX Heater l ight  

Glycol P r e s s m  Mode 
Select 

Glycol Pump Select Sw$.tcl 

Manual 02 I n  Flow Valves 
(2) 

Diverter Valve 

Cabin G a s  Return Valve 

ALL 

Where Reeded 

Over Heat Condition 
Etnergenc y 

ALL 
and bergency  

Emergency 

ALL 
and Wrgency  

ALL, T e s t  and 
hergency  

a, Test and 
Eknergency 

Emergency 

ALL 
and Emergency 

ALL 
and hergency  

S u i t  Circui t  Relief ‘ kergency 
V d V e  

Select ively sets cabin temperature - a vernier control.  

An.on-off switch t h a t  provides for rec i rcu la t ion  of cabin air when the fan i s  turned on. 

A s i w e  switch t h a t  when i n  t h e  on posi t ion ac t iva tes  the  emergGncy bo i l e r  providing for t he  
reJection of suit waste heat when heat reject ion by the  suit c i r c u i t  heat exchanger i s  inadequate. 

A 3 posi t ion switch that  s-ts any one of 3 p a r a l l e l  fans for  O2 recirculat ion.  Only one fan i s  
i n  operation at  any one t i m e .  

A guarded toggle switch when thrown provides SOX l i n e  separation and i so l a t ion  of t h e  02 accumula- 
tor. 
lunar surface. 

This i s  a backup t o  an automatic process t h a t  should occur during abort  or  ascent frm t h e  

A 2 posi t ion switch normally i n  the  automatic posi t ion.  I n  the  automatic posi t ion a heater pro- 
vides the correct  pressure i n  the SOX tank. I n  the heat posi t ion t h e  SOX i s  heated for  as long 
a period of time as t h i s  switch posi t ion i s  maintdned. SOX Heater l i g h t  is illuminated when switcb 
i s  i n  the msnual heat posi t ion.  

A 2 posi t ion switch designed t o  t e s t  and or  provide a backup means of select ing any one of 3 
glycol pumps already selected by the glycol pump se lec t  switch a6 w e l l  as a means of select ing 
the  glycol pumps autconatically i n  case of pump f a i lu re .  

A 3 posi t ion switch that se l ec t s  m y  one of t h e  3 glycol pumps f o r  tes t  or fo r  a backup se lec t  
in case of an sutaanatic pump switching f a i lu re .  

Manual control  of the  02 inflow t o  the suit c i r c u i t .  A manual means of maintdning s u i t  pressure 
or cabir, pressure I n  case of autamatic valve actuation f a i lu re .  

A valve which closes autamatically t o  provide s u i t  c i r c u i t  i n t e g r i t y  du- r i n g  cabin deempression, 
This valve must be manually opened. I n  the open posi t ion t h e  en t i r e  gas flow of the s u i t  c i r cu i t  
i s  passed dpnstream of the  space s u i t  dlsconnects i n t o  the cabin. 

This valve i s  in s t a l l ed  i n  t h e  duct returning cabin gas t o  t h e  suit c i r c u i t .  It i s  au tcmat icd ly  
controlled t o  prevent  the lo s s  of s u i t  c i r c u i t  gas i n  the event of cabin deccanpression. 

Prevents the overpressurization of t h e  space s u i t .  
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i 
L~TvIRoI~~mJTAL CONTROL 1. LIOH Se lec t  Valve ALL 

ALL 1 2. Water Separator Select 
Valve 

' 3. Cabin Temperature Valve E3ERGENCY 
I i 

j SEPARATION OR 

EDERGE2EY 

i 

i 

f ABORT 
! 4. SOX Shut Off Valve 

5. Coolant Shut Off Valves i 

I 6. Water Shut O f f  Valves ' ~ ~ G ~ K Y  

i Valve I 

1 
' 7.  pilanua.1 o2 Shutoff : Ebergency lode 

I 

8 . .  fnlanual O2 Flood Valves :Bnergency 

9.  Iknual Cabin Damp < 

1 

i 

A 2 posit ion valve 
cabin c i rcu i t s .  

that se lec ts  1 of 2 LIOH cannisters for f i l t e r i n g  the CO, i n  the s u i t  and 

I A 2 posi t ion valve 

Manual control of temperature of the  coolant supplied to the  cabin heat exchanger. 
for the cabin temperature control ler  that i s  on the f ront  panel. 

I so l a t e s  SOX storage tank frm the system. 

that se l ec t s  1 of 2 water separaters for use i n  the cabin and suit c i r cu i t s .  

A back-up 

P e d t s  i so l a t ion  of the coolant accumulator andthe coolant reservoir  f'ran the remainder of the 
heat t ransport  loop. 

CoDltrols the fluw of water frcm the water tank t o  the suit c i r c u i t  water evaporator, t he  coolant 
water e v a p m t o r  and the PLSSwater disconnect. . 
Provides for control Over PLSS quick disconnect i f  quick disconnect fails open. 

Provides cabin pressurization manually. 

Cabin depressurization 
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1. 

2 .  

3 .  

l+ . 

5. 

6. 

7 .  

Power OU-OFF Switch 

Antenna Elevation 
Indicator 

Antenna Azimuth 
Indicator 

Antenna Elevation 
Slew 

Ant enm Azimuth 
slew 

Mode Select  %itch 

SCT TIE 

1. Power Switch 
ON-OFF 

2.  Mode Select Switch 

Rendezvous 

Rendezvous 

Rendezvous 

iiendezvous 

Rendezvous 

Rendezvous 

Rendezvous 

Descent 

Descent 

Applies power t o  the rendezvous radar.  A 2 pos i t ion  switch ON-OFF. 

Indicates  t h e  elevation angle of the radar antenna with respect t o  a fixed 
coordinate system. 

Indicates t he  azimuth angle of t he  radar antenna with respect t o  a fixed 
coordinate system. 

A manual control of the  radar antenna along t h e  elevation ax i s .  

A manual control  of the  radar antenna along t h e  azimuth ax i s .  

A two posi t ion switch(auto-manua1) that provides f o r  automutic search and 
tracking of the Command Module i n  the auto posi t ion and a manual search mode 
i n  t h e  manual position. 

A two posi t ion switch 1abeled"engage-disengage". 
radar antenna is  slewed t o  alignment with the scanning telescope by commanded 
inputs  f rm the scanning telescope BwvOS. I n  the  disengage posit ion the  radar 
i s  controlled by the m o d e  s e l ec t  switch. 

I n  the engage posit ion the  

A- two posi t ion switch that appl ies  parer t o  t h e  radar a l t imeter .  I 

i 
A two posit ion switch (Descent-Hover) that d i c t a t e s  t he  radar a l t ime te r ' s  antenna 
posi t ion w i t h  respect t o  the vehicle 's  X a x i s .  
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POWER D I S T R D ~ O I T  1. Voltmeter ALL Monitors voltage of one selected phase of AC power f'rom the AC bus 
(RC POWER) 

2.  Frequency Meter 

3. Phase Select Switch 

4 .  Inverter Temperature 
Lights 

5 .  Inverter Select Switch 

6 .  Battery Charger Switch 

. 7. Yhase Failure Lights ( 3 )  

8. Phase Control Switches (3) 

9. (DC Power) Voltmeter 

10. Voltmeter Select Switch 

11. Ammeter 

12. Ammeter Select Switch 

13. Bus "A" and "B" Input 
Switches (6) 

14 .  Bus Under Voltage 
Lights (2) 

15 .  Bus T i e  Switches ( 3 )  

ALL 

m 

ALL 

ALL 

ALL 

EM;ERGENCY 

ALL 

A m  

ALII 

ALL 

ALL 

ALL 

ALL 

ALL 

Monitor frequency of one selected phase o f  AC power fk.m the  AC bus 

Selects t he  Phase (A, B, C) which the  voltmeter and frequency meter w i l l  
monitor. 

3 lights, one far each inver te r .  If an overheat condition occurs i n  any 
inver te r  corresponding light goes on. 

Applies power t o  inverter selected.  

Selects  Battery (''A'' or  "B") t o  be charged. 

A phase Failure or voltage failure w i l l  t r i gge r  light. 

Turn single phase loadsoof'f or  on t o  s e l e c t e d  inverter  phases .  

Monitor DC voltage of selected source 

Selects  source of EC power t o  monitor voltage.  Posit ions are:  Fuel Cell  
1, 2, 3; Bus A and B, Batter ies  A, B and Pyro 

Monitor current in - l ine  selected.  

Selects l ine t o  monitor current from f u e l  c e l l  1, 2, 3 or t o t a l  current 
fluw from Bus "A" and Bus "B" . 
Connects f u e l  c e l l  1, 2 or  3 t o  Bus "A". Same for  Bus "B" switch. 

The light w i l l  cane on when the  voltage on t h e  indicated bus drops 
below a ce r t a in  level. 

Connects essent ia l  loads t o  Bus "A" and/or Bus "B" and non-essential loads 
t o  B u s  "A" or Bus "B". 



I i MISSION PHASE \ .  SUBSYSTEbl COIJTROL 'I NDI CATOR 
t - l  

E U C T R I C  PO\mR i 1. 02 Flaw Cont ro l ;  ( 2 )  1 Toggles 
I 

2. 112 F I ~  Control; (2) i 
i Toggles 1 

ALL 

ALL 

4 I 3. 02 Heater Control (2)  f ALL 
1 1 

! 4. HZ Heater Control (2) 

, 5. H2 Pressure f 
I I 

ALT; 

ALL 

i Au 

' 7 .  H2 Quantity ! ALL t 

I /  u.  02 Pressure i 
i 

f 8. 02 Quantity 1 

I 

ALL 

ALL 

m 

i 
I 

i 9. Fuel C e l l  Flow ( 3 )  1 
10. Fuel C e l l  Heater 

Con t r ol (3) 4 

I 

i 

11. 112 Vent 

12. 02 Purge 

' 13. I$ - 02 Pressure 
Indicator  

( 3 )  

( 3 )  

I 

ALL 

ALL 

1 -- FUNCTION 

Controls the out flow of O2 from the two oxygen storage tankc 
shutoff s ignals  t o  one solenoid valve. 

Controls the out flow of H2 frm the  two hydrogen storage tanks, each control  gives f'ul.1 open 
or shutoff s ignals  t o  one solenoid v d v e .  

These three posl t ion switches ( off-auto-manual override) contral. the heating requirements of 
the two,oxygen tanks. I n  the  auto pos i t ion  (normal. mode) the heater cuts- in  autcpnatically t o  
maintain the 02 pressure within a f ixed range. However, i f a  malfunction occws, the operator 
can Manually override the a u t a w t i c  control  and apply heat un t i l  the desired pressure I s  obtained. 
Due t o  t h e  nature of t h i s  manual operation (dangerin over pressurizing) an associated l i g h t  will 
glow whenever you ere i n  the manual posi t ion.  I n  the off gosi t ion the thermal loop i s  opened and 
no puwer i s  expended. 

Same as 02 heater control, except these control the heating of the hydrogen tanks. 

Displays the  t a n k  pressure i n  the Hydrogen tanks number 1 ard 2. 

Displays the  tank pressure i n  t h e  oxygen tanks number 1 and 2. 

Displays the tank  quantity i n  the hydrogen tanks number 1 and 2. 

Dieplays the tank quantity i n  t h e  oxygen tanks number 1 and 2. 

Controls the reactants  flow (hydrogen-oxygen) t o  each f u e l  c e l l  (number 1, 2 and 3) 

These three posi t ion switches (off-auto-manual override) control the heating requirements of the 
Fuel ce l l s .  
and out automatically t o  maintain the temperature of t he  c e l l  within a set r w e .  
mdfbnctioning the operator can manually override the autQnatic control  and apply heat u n t i l  the  
desired t q e r a t u r e  i s  obtained. Due t o  the nature of the manual operation, an associated l i g h t  
w i l l  glow whenever you are i n  the  manual. posit ion.  I n  the off posi t ion the thermal loop I s  
opened and no power i s  expended, 

each control  gives fziLl open or  

Each c e l l  has i t s  own control.  I n  the auto posi t ion (normal. mode) the heaters  cut-in 
However i f  

These two posi t ion switches (open-close), one fo r  each f i e 1  cell, y i l l  control the  cooling and water 
removal functions for the  f u e l  ce l l s .  

These three posi t ion switches, one for each fuel ce l l ,  will pur i fy  the individual ce l l s .  I n  t'ne 
auto posi t ion (normal mode) the f u e l  c e l l  systems w i l l  be purged approximately every four hours. 
However ,  if the  autcsaatic purge doesn ' t  operate properly - and a c e l l  becanes contaiminated 
(voltage drops) - the operator can manually purge. 
could deplete your f u e l  c e l l  system of 02, a l i g h t  wlll glow when t h e  switch i s  i n  the manual 
posit ion.  

Indicates  the pressure of the  hydrogen and oxygen past  the H2 and O2 regulators.  

Since overactivation of t h i s  manual control  
f 

i 
' 



14. 

15. 

16. 

N2 Pressure Fa21 Lights Emergency 

Fuel Cell Temp. 
Inclicator 

Indicator Select 

3 l i gh t s ,  1 f o r  each f ie1 ce l l .  
exceeded. 
If N2 pressure f a i l  l i g h t s  cane on m u s t  shutdam corresponding regulator. 

If l i g h t s  go on the tolerable  pressure limits of l!?2 have been 
The N2 of t h i s  system establ ishes  the pressure reference for  the H2-02regaators 

Indicates  f ie1 c e l l  temperature 

Selects the Are1 c e l l  and partmeters t o  be displayed concerning h e 1  c e l l  Guch as 1112-02 PSI ani 
Fuel C e l l  Tenpera%ure. 
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